Abstract: An investigation was carried out to study the effect of different concentrations of bio-fumigants against Pythium aphanidermatum in vitro and in vivo. In vitro test was carried out in the laboratory with three concentrations viz. 5, 10 and 15 per cent of mustard, cabbage and radish of bio-fumigant. The effectiveness was found highest at 15 percent concentration followed by 10 and 5 percent concentration in all bio-fumigants. Mycelium growth inhibition was recorded maximum in 15 percent concentration (44.02, 42.43 and 41.78%) followed by 10 percent (42.53, 41.04 and 41.04%) and 5 percent (38.79, 38.06 and 37.31%) in mustard, cabbage and radish at 6 th day after incubation, respectively. The pot experiments were carried out in net house with 0.5 kg, 1.0 kg and 1.5 kg per 5 kg soil pot -1 of each bio-fumigant viz. mustard, cabbage and radish from June to February. The percent disease control was recorded highest in bio-fumigation with mustard (39.91) followed by cabbage (37.24) and radish (36.91) @ 1.5 kg in 5 kg soil pot -1 over the control.
Introduction
Ginger is herbaceous, underground, rhizomatous and perennial crop belonging to family Zingiberaceae. It is occupy an important position among the cultivated spices in the country next to black pepper and cardamom. Ginger is used as spices, condiments, perfume and food flavouring with multifarious medicinal properties (Kavyashree, 2009; Fagaria et al., 2006) . India occupies 1 st position for the ginger production in the world (Poudyal, 2011) , with producing 655 thousand metric tonnes from 133 thousand hectare with 4.9 mt/ ha productivity (Anonymous, 2014) , whereas, Uttar Pradesh is producing 4168 metric tonnes ginger from 813 hectare with 5.13 mt/ ha productivity (Anonymous, 2014) . The average yield of this crop is very low as compared to other ginger producing countries of the world. Besides many other constraints of low productivity, soft rot disease caused by Pythium aphanidermatum (Edison) Fitz is most damaging and serious problem of all ginger growing areas in India (Chattopadhya, 1997) and resulting more than 80 percent crop loss (Joshi and Sharma, 1982; Sharma, 1994) . The disease is manifested initially by foliar yellowing and later water soaked lesion appear on the collar of the pseudo-stem which extended to rhizomes and leaves resulting in rotting of the entire plants (Mishra & Pandey, 2014) .The disease is both seed and soil-borne nature, hence the management of soft rot through fungicides is very difficult. The biofumigation with green crucuferous residues is become effective management practices because bio-fumigation is used for the suppression of soil-borne pathogens and pests by the incorporation of Brassica plants into the soil. The action of volatile compounds essentially isothiocyanates (ITC's) produced by the hydrolysis of glucosinolates which are found within crucifer plants (Angua et al., 1994; Kirkegaard et al., 1999) . Therefore keeping in view of above, the experiment were carried out to test the efficacy of different concentration of three crucifer green leaves plant residue viz. mustard, cabbage and radish for the management of soft rot disease of ginger incited by P. aphanidermatum in vitro and in vivo.
Materials and Methods In vitro: The in vitro test was carried out in the laboratory, Department of Plant Pathology in order to find out the efficacy of various bio-fumigants (viz. mustard, cabbage and radish), green leaves with having high contents of glucosinolates were selected for test against the Pythium aphanidermatum. Fresh leaves of mustard, cabbage and radish were collected and washed thoroughly in clear water. In glass jars of 500 ml volume, three concentrations viz. 5, 10 and 15 percent of green leaves of each crop were macerated in a food processor and sterilized in the autoclave for 15 minutes at 121 0 C temperatures. A 5 mm disc of P. aphanidermatum cultured were transferred in PDA plates in three replications that were inverted into the jars containing the macerated plant leaves with required concentration of bio-fumigant and sealed. The control treatment was maintained without bio-fumigants for comparison. The experiment was conducted with minor modification as described by Charron and Sams, 1999; Dunne et al., 2003; Mayton et al., 1996; Romero et al., 2007 and Fayzalla et al., 2009 . The radial growth of mycelium was measured from 3 to 6 days (at 24 hrs interval) for determine the effective concentration of bio-fumigant to suppress the mycelial growth of pathogen. Percent growth inhibition was calculated using the formula given by Gupta and Tripathi (2011) . In vivo: The pot experiments was carried out at green house, Department of Vegetable Science, N.D.U.A.T. during Kharif, 2014-15.
Potting mixture preparation: Potting mixture containing sand, soil and FYM in the ratio 1:1:1 was prepared and sterilized with formaldehyde solution. A soil bed of 3m x 1m size was made using the potting mixture and drenched with 4 per cent solution of formaldehyde @ 20 litres per bed. The bed was covered with a transparent polythene sheet for 48 hours. After 48 hours, the polythene sheet was removed and raked to remove excess fumes of formaldehyde. This potting mixture was used for filling the pots (30 cm diameter) @ 5 kg per pot; pots were previously washed with 4 per cent solution of formaldehyde. Inoculation of pathogen: The test pathogen was inoculated into the pots before soil treatment. The inoculum was prepared from 72 hrs old mycelial culture of P. aphanidermatum grown in 90 mm Petri plates containing 15 ml of PDA, macerated with distilled water using a mixer grinder @ 250 ml of water per plate. This culture fluid was added to the pots @ 100 ml per pot. Method of bio-fumigation: The green and chopped leaves of mustard, cabbage and radish were thoroughly mixed in the pot (@ 0.5, 1.0 and 1.5 kg pot -1 ) then watered and tightly covered with transparent polythene sheet for three weeks, after three weeks polythene sheet was removed and soil of the pots were slightly removed in order to permit the gases to escape from soil. Each treatment was replicated at thrice. Planting of ginger rhizomes were done after 24 hours. The pots inoculated with pathogen alone served as control. The soft rot incidence was recorded at 150 th day after planting and per cent disease control was calculated using the formula described by Gupta and Tripathi (2011) Where: C = Per cent disease incidence in control pot; T = Per cent disease incidence in treated pot
Results and Discussion In vitro: Three concentrations of each bio-fumigant (viz. mustard, cabbage and radish) were tested and resulted that all treatments were significantly superior over the control at all incubation periods (Table 1 ). The effectiveness was found highest at 15 percent concentration followed by 10 and 5 percent concentration in all biofumigants. The minimum radial growth was recorded in mustard (25.00 mm) followed by cabbage (25.67 mm) and radish (26.00 mm) at 6 th day after incubation. While, 44.67 mm radial growth of P. aphanidermatum was found at 6 th day after incubation in control. The radial growth was significantly differed in different concentrations with bio-fumigant. Dunne et al, (2003) and Moyton et al. (1996) were presented the results of different species of Brassica as biofumigants in their different concentrations and types of ITC's emission during their decomposition that were different in their toxicity against soil borne pathogenic fungi in vitro.
Mycelium growth inhibition was recorded maximum in 15 percent concentration (44.02, 42.43 and 41.78%) followed by 10 percent (42.53, 41.04 and 41.04%) and 5 percent (38.79, 38.06 and 37.31%) in mustard, cabbage and radish at 6 th day after incubation, respectively. Same trends of growth inhibition were also observed in 3 rd , 4 th and 5 th day after incubation. Schoenmaker and Ghini, (2001) studied the efficacy of Brassica spp. like cauliflower and cabbage under in vitro condition, to determine the suppressive ability against Pythium spp and found highest suppressive ability in cauliflower leaves which inhibited 20 per cent mycelial growth of the pathogen. Larkin and Griffin (2007) studied the effectiveness of mustard bio-fumigant under in vitro assays, and found that Indian mustard was nearly completely inhibited (80-100%) to the growth of soil-borne pathogens including R. solani, Phytophthora erythroseptica, P. ultimum. Slow growth of mycelium was observed in bio-fumigation as based on the action of volatile compounds essentially isothiocyanates produced by hydrolysis of glucosinolates which are found within cruciferae plants (Angua et al, 1994; Kirkgaard et al, 1999) . In vivo: Efficacy of different quantity of bio-fumigants (viz. mustard, cabbage and radish) was studied against soft rot disease of ginger and results are presented in Table- 2. All treatments were found significantly superior over the control. The minimum percent disease incidence was recorded in bio-fumigation @ 1.5 kg 5 kg soil pot -1 in mustard (51.99) followed by cabbage (54.29) and radish (54.57) in comparison to control (86.55). Effect was found at par in between cabbage and radish. Whereas maximum incidence was recorded at 0.5 kg in 5kg soil pot -1 of radish (60.80) followed by cabbage (59.36) and mustard (59.21). But effects were not significant among the treatments. Similar trends of results were also observed at 1.0 kg bio-fumigation in 5 kg soil pot -1 . Percent disease control was recorded highest in bio-fumigation @ 1.5 kg in 5kg soil pot -1 of mustard (39.91) followed by cabbage (37.24) and radish (36.91). The lowest percent disease control was recorded in bio-fumigation @ 0.5 kg in 5 kg soil pot -1 of radish (29.77) followed by cabbage (31.38) and mustard (31.60). Mishra and Pandey (2014) reported the effect of bio-fumigation using cruciferae family was based on incorporating soil amendment as fresh plant mass into the soil, which released chemical substances known as isothiocyanates (ITC's), able to suppress soil borne diseases and also worked as soil heater to enhance bio-logical activities. The findings are similar with Brown and Morra (1997) . Stephanie et al (2001) also recorded highest tomato yield in which plots were treated with bio-fumigation of Brassica plants. Therefore, it is concluded that bio-fumigation with mustard @1.5kg in 5kg soil pot -1 followed by cabbage and radish were found effective for the management of soft rot disease of ginger.
